High-sensitivity cardiac troponin T (hs-cTnT) is widely used in Oman and other Gulf countries. The availability of newer generation hs-cTnT has increased the sensitivity of diagnosing non-ST-elevation acute coronary syndrome (ACS). They utilize same antibodies as fourth-generation assay but can measure 10-fold lower levels of cTnT. Any detectable level above the 99 th percentile of population suggests myocardial damage. However, the cause could be non-ACS. Therefore, the increase in sensitivity of hs-cTnT assays for ACS comes at the cost of a reduced ACS specificity because more patients with other causes of myocardial injury are detected than with previous cTnT assays. Hence, there is large confusion among emergency physicians regarding optimal cutoff values to definitely confirm non-ST-elevation ACS, especially in patients with low likelihood of ACS. This review summarizes the available clinical and biochemical data to make recommendations about hs-cTnT cutoff values which will guide physicians to take decision in patients presenting with low likelihood ACS.
BACKGROUND, RATIONALE, AND DRAWBACK OF HIGH-SENSITIVITY TROPONIN USE IN ACUTE CORONARY SYNDROME
T roponins are cardiac intramuscular proteins that are involved in the calcium-mediated interaction of proteins actin and myosin resulting in muscle contraction. [1, 2] Troponin complex consists of 3 subunits, troponin T, which binds to a protein called tropomyosin which initiates interaction between actin and myosin in the muscle sarcomere leading to contractions.
Troponin I binds to actin resulting in inhibition of actin/myosin interaction. Troponin C binds the calcium ions initiating tropomyosin action.
Skeletal and cardiac isoforms of Troponin T (cTnT) and Troponin I (cTnI) have amino acid sequence which are quite dissimilar (but not totally dissimilar) which can be detectable by monoclonal antibody assay. Cardiac and smooth muscle troponin C isoforms have similar sequence amino acids, hence cannot be measured separately. [1, 2] cTnI is specific to cardiac tissue. [1] When myocyte are damaged, the cell membrane may degrade and release troponin in blood or when injured may leak due to increased membrane permeability. [1] High-sensitive cTnI and cTnT levels (hs-cTnT) raise within 1 hour of cardiac injury and remain increased for 7-14 days after myocardial infarction (MI).
cTnT and cTnI are frequently ordered in the emergency department (ED) as chest pain consists of the majority of ED visits in a shift. The appropriate interpretation of elevated troponin is important in determining correct diagnosis of acute coronary syndrome (ACS) as well as need for admission, percutaneous coronary intervention, or antithrombotic therapy.
The currently used point-of-care troponin assays in the ED are not high-sensitivity assays. The availability of newer generation laboratory automated hs-cTnT has increased the sensitivity of diagnosing ACS but gives rise to significant "false-positive" results. [2] Hs-cTnT analyzers use the same antibodies as fourthgeneration assay but can measure 10-fold lower levels of cTnT. Any detectable level above the 99 th percentile of population indicates myocardial damage, with the acceptable false-positive rate of 1%. [2, 3] However, the etiology of raised troponin may be other than atherosclerotic plaque rupture with thrombosis (Type I MI). It is very important to rule out or rule in ACS as under diagnosis may lead to missing ACS or overdiagnosis may unnecessarily prolong ED stay as well as admissions and interventions. [2] With the advent of newer generation hs-cTnT assay, the sensitivity has markedly increased to near 100%, but specificity has come down in view of increase of troponin in non-ACS causes. [2] The important downside of these highly sensitive troponin assays is an unfortunate increase in "false-positive" results, due to conditions which may stress the heart but are not actually related to an acute ischemic event.
[2]
NONACUTE CORONARY SYNDROME CAUSES OF INCREASED HIGH-SENSITIVITY TROPONIN
Non-ACS causes could be either non-ACS ischemic causes or non-ACS nonischemic causes.
[2] The non-ACS ischemic causes include tachyarrhythmia's, myocardial hypoxia, severe anemia, or gastrointestinal bleeding. [2] Non-ACS demand-ischemic conditions like anemia may cause troponin elevation (Type 2 MI). [2, 4] Non-ACS nonischemic causes include heart failure, pulmonary embolism, chronic kidney disease, stress/ septic cardiomyopathy, myocarditis, drug-induced cardiomyopathy, amyloidosis, following noncardiac surgery, blunt chest trauma, and subarachnoid hemorrhage. [2] In addition, false-positive test results are known with immunoassays secondary to the presence of heterophilic antibodies or human autoantibodies even though most assays contain blocking antibodies to avoid these interferences. [5, 6] In Oman and other Gulf countries, most of the hospitals use hs-cTnT. Currently, there is confusion among the user in ED regarding interpretation of hs-cTnT, especially in patients with low likelihood of ACS, with ED physicians and cardiologists interpreting in different ways. Hence, there is a need of a clear-cut document based on existing evidence to interpret hs-cTnT in low likelihood of ACS patients.
Thus, this review was prepared to make all physicians understand about hs-cTnT and its interpretation.
HIGH-SENSITIVITY CARDIAC TROPONIN T ANALYZER
Hs-cTnT and cTnI are measured by immunoassay methods. Hs-cTnT analyzer is manufactured by single company (Roche Diagnostics, Inc.), whereas multiple companies make cTnI analyzers. [7] According to the product insert, "the Elecsys Troponin T high-sensitive assay (Roche Diagnostics, Inc.) fulfills the guidelines of the American College of Cardiology/European Society of Cardiology and National Academy of Clinical Biochemistry/Academy of the American Association for Clinical chemistry in achieving <10% coefficient of variation at the 99 th percentile upper reference limit of the reference population." [7] It is a fully automated test with results within 9 min, 99 th percentile upper reference limit of 14 ng/L (pg/ mL), limit of detection 5 ng/L (pg/mL), and limit of blank at 3 ng/L (pg/mL).
According to package insert, "the optimal cutoff for the diagnosis of acute MI by troponin T was previously calculated by ROC analysis at 0.1 µg/L, that is, 100 pg/mL with an earlier test generation of the Elecsys Troponin T assay." The sensitivity and specificity for using 100 pg/mL cutoff value in hs-cTnT assay results in a sensitivity of 99% and specificity of 99% in diagnosing MI. However, the sensitivity for diagnosing MI calculated at the 99 th percentile of 14 pg/mL increases to 100%, but the specificity drops to 75%, that is, 25% false-positive results. In a meta-analyses reported in BMJ which included 20 studies (23 papers), at 14 pg/mL cutoff value for hscTnT, sensitivity and specificity were 89% and 77%, respectively. [8] 
HIGH-SENSITIVITY TROPONIN T INTERPRETATION IN LOW LIKELIHOOD ACUTE CORONARY SYNDROME
Majority of chest pain patients presenting to ED have no significant electrocardiogram (ECG) changes and no history of past coronary artery disease. Picking up patients who truly have ACS within this "low likelihood" category is challenging. There are many risk score assessment models used in ACS, such as the PURSUIT, TIMI, GRACE, FRISC, and HEART risk scores. [9] However, none of these risk scores applies to ED chest pain evaluation except for the new HEART score, but none is practically applied in actual day-to-day busy clinical practice. [9] ED physicians just tend to forget to apply these scores, unless a written protocol is attached to each case and data entered.
The simple American College of Cardiology/ American Heart Association criteria defines low likelihood ACS as probable ischemic symptoms with
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normal ECG or T-wave flattening/minor T inversion and negative hs-cTnT. [10, 11] This suggested troponin interpretation includes only patients with chest pain onset <6 h or last pain <6 h and low likelihood of ACS where hs-cTnT plays an important role in ruling in or ruling out ACS. Patients with intermediate-and high likelihood of ACS are investigated and treated as ACS. [9] [10] [11] Tables 1 and 2 show interpretation and severity of MI based on hs-cTnT assay. [7, 8, [12] [13] [14] [15] [16] [15] Limit of detection 5 Sensitivity 97.4% and specificity 42.4% [7, 8] Note specificity very low Limit of quantitation (functional sensitivity) is the lowest analyte concentration that can be reproducibly measured with an intermediate precision CV of ≤10%, that is, acceptable imprecision (error)
<14
Upper reference limit [7, 8] If chest pain onset >6 h and hs-cTnT <14 pg/mL, ACS ruled out Chest pain onset <6 h or last pain <6 h, repeat at 3 h to determine if rising significantly or not Initial level <14 pg/mL: >50% delta change needed on repeat sample, that is, absolute value of >7 pg/mL, that is, >21 pg/mL 99 th percentile of a healthy reference population (99% of control) recommended as a positivity threshold for the diagnosis of AMI
>14
Sensitivity 99% and specificity 75% AMI by joint ESC/ACCF/AHA/WHF task force. [4] Note specificity is low, that is, 25% false positives Based on the WHO criteria for the definition of AMI, the cutoff (clinical discriminator) value for fourthgeneration troponin T is 0.1 µg/L, that is, 100 pg/mL as determined from ROC analysis in results with an earlier test generation of the Elecsys troponin T assay
>100
Sensitivity 99% and specificity 98% [14] AMI by WHO criteria. Consistent with ACS. Note high specificity, less false positives. However, using this cut-off small AMIs fulfilling universal definition criteria may be missed Indeterminate level: Cannot rule in or rule out ACS. May be from ischemic or nonischemic causes depending on the clinical presentation >14-100 ACS if [13, 14, 16, 17] Chest pain onset <6 h or last pain <6 h Repeat at 3 h to determine if rising significantly or not Initial level 14-52 pg/mL: >50% delta change needed on repeat sample Initial level >52-<100 pg/mL: >20% delta change needed on repeat sample Elevations >5-fold from 14pg/mL high (>90%) positive predictive value for acute Type 1 MI Elevations up to 3-fold of 14pg/mL have only limited (50%-60%) positive predictive value for acute MI and may be associated with a broad spectrum of conditions Table 2 : Myocardial infarction severity and common differential diagnosis based on elevated high-sensitivity cardiac troponin T values in pg/mL [12] µg/L pg/mL Causes 0.014 14 Normal 0.014-0.100 14-100 Micro MI, myocarditis, heart failure, pulmonary embolism, chronic kidney disease, sepsis, hypertensive crisis, stroke, and subarachnoid hemorrhage 0.100-1 100-1000 Small-to-moderate MI, myocarditis, heart failure, pulmonary embolism, chronic kidney disease, sepsis 1-10 1000-10,000 Large MI, myocarditis, pulmonary embolism, critical illness >10 >10,000 Very large MI, myocarditis
